The objectives of the course were that the student should write assembly language programs for real-time applications in an interruptdriven environment, be exposed to interfacing techniques, and attempt to immerse the microcomputer in an analog environment. The programs developed during the course were added to the library routines of the program to enhance the laboratory and project facilities available for future midshipmen.
INTRODUCTION
The curriculum of the Systems Engineering (ESE) major at the United States Naval Academy, a program accredited by ABET, is centrally oriented to the study of feedback control systems. The pedagogical approach taken in this program is interdisciplinary in terms of the more traditional degree programs, and the diverse backgrounds of the faculty reinforces this approach.
In that setting the ESE majors come to consider themselves as users of components whose input/output behavior they must understand and be able to model, but not as designers of those components. They will assemble a set of physically quite different components into a system in order to accomplish some overall goal.
Computers are of course one of the important tools of the ESE major. Both analog and digital computers are used extensively in the program in system simulation, and as general computational aids for systems analysis. Moreover, computers appear in ever greater abundance as components of control systems. And in that sense the ESE major must consider the computer to be a device to be understood in detail sufficient for its application. The overall purpose of the course to be described was to introduce the microcomputer as a component in that context. Two courses were already a part of the curriculum which help to define the role of this course. The first is ES408, Digital Technology, which undertakes the traditional analysis and design of combinational and sequential logic circuits at the gate level, continues with an investigation of data handling with register transfer modules, and culminates in an introduction to machine language programming as the point of interface between computer users and designers. The output software consists of a library of utility routines to be used in the laboratories of ES414, and in projects to be undertaken in the future involving microcomputers.
One of the key features available was NATS itself with its ready access to powerful edit and mass storage facilities. These combined to make program development a relatively simple task, and to assure the availability of the output software in future years.
PAPERWARE
The textbook for the course was Microcomputer Based Design by John B. Peatman (New York: McGraw-Hill, 1977) . However, a great deal of supplementary paperwork was generated in the form of handouts in order to convey information pertinent to the specific hardware in use.
One handout described the commands available for dealing with the keyboard monitor, and listed a set of elementary exercises to familiarize the student with the monitor and a rudimentary set of instructions. A source listing of the monitor comprised a second handout. A third handout described in detail the 8080 instruction set, while a fourth was a manual which dealt with the cross assembler, MICROMAP.
Handouts were made of various sample programs to illustrate the use of macros and subroutines and to illustrate some of the concepts for interrupt-handling routines and stack operations.
Handouts were provided in the form of concise tables correlating mnemonics with hexadecimal code, and giving ASCII codes.
From the standpoint of the student, they were required to provide paperwork in their turn in the form of listing files from the cross assembler, well annotated with comments.
COURSE CONTENT
In order to indoctrinate the student to the behavior of a microcomputer as a control system component, it was planned that the student should write assembly language programs for real-time applications in an interrupt-driven environment; that the student should be exposed to interfacing techniques such as handshaking; in short, that the student should attempt to immerse the computer in an analog environment.
The first five weeks of the course were to be spent in familiarization with the system; with the monitor commands and a set of rudimentary instructions. The interface was to be direct between the student and the system with no intervening cross assembler and no paper tape program entry. A set of simple exercises was used for this purpose.
The next two week period was to be used in a community project, writing a paper tape reader for tapes in INTEL format. That format permits sections of a program to be loaded in scattered areas of RAM, and provides error checking by checksum on each record. That facility was not previously available in ROM.
The third period was to consist of four weeks and was to involve the students in the preparation of the utility routines for the software library. The proposed first period extended to six weeks, the second to four. The latter was due in part to including another project, providing a hexadecimal dump of memory on the microprinter.
The third period extended to four weeks, and was effectively the remainder of the semester in many cases. Some students, the enthusiastic ones, took the bit in their teeth and performed remarkably well on the individual projects, but others faltered when the program design was no longer conducted for all on the chalk board.
A hardware problem arose with the real-time clock, and while this presented the opportunity to perform various software experiments in the attempt to isolate the problem, the problem was not solved in the time available. Thus, while the D/A converters were utilized to present waveforms on the scope, the full extent of experiments desired for this period was not realized.
The individual project portion of the course will undoubtedly be restricted to a few students at its next offering. The value to the department peaks at one copy for library utility routines, so new ones must first be identified. Conversely, many of the students would benefit more from a more structured experiment. Meanwhile the equipment has been exercised, weaknesses have been isolated, and its performance will be better next year.
